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(57)Abstract: 




is economical time-wise and cost-wise, by 



plasma-assisted process equipment, which 



method of evaluating a physical state of 



plasma generated in a reaction chamber of 



PROBLEM TO BE SOLVED: To provide a 



measuring physical quantities of the 



electrical circuit for the plasma generation in 



the reaction chamber, and by comparing the measured physical quantities of the 
electrical circuit with the predetermined specified values. 
SOLUTION: A monitor 5 detects a change of an impedance of the electrical 
circuit caused by the generation of plasma Q in a reaction chamber 1, converts 
the change into a voltage to digitize it, and outputs the digitized signal as the 
measured quantity signal to a computer 8 which is a means for comparison and 
evaluation. The computer 8 receives the measured quantity signal transmitted 
from the monitor 5, and compares the change of the impedance with 
predetermined upper and lower limits to evaluate whether the impedance 
change lies within the limits. The operator repeats assembly and adjustment of 



the reaction chamber which includes electrodes and the like, until the change of 
the impedance due to the plasma Q becomes within the predetermined limits. 
With the procedure and the equipment stated above, the evaluation that is 
economical for time and cost and becomes available. 



[Claim(s)] 

[Claim 1] In the tire-pressure detection equipment which detects a tire pressure 
from the oscillation frequency component of whenever [ based on the wheel 
rotational speed detected by the wheel rotational-speed detection means / wheel 
speed ] A 1st extract means to extract a predetermined frequency component 
from the oscillation frequency component of whenever [ said wheel speed ], A 
2nd extract means to extract the frequency component of the frequency domain 
which serves as an object for an activity from the oscillation frequency 
component of whenever [ said wheel speed ] in the case of tire-pressure 
detection, Tire-pressure detection equipment characterized by having a sorting 
means to sort out the wheel rotational-speed data used for detection of said tire 
pressure, based on the ratio of the gain of the frequency component extracted 



by said 1st extract means, and the gain of the frequency component extracted 
by said 2nd extract means. 

[Claim 2] Said predetermined frequency component is tire-pressure detection 
equipment according to claim 1 characterized by including said frequency 
component extracted by said 2nd extract means, excluding a spring top 
oscillation frequency component 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention generates the plasma in a reaction 
chamber, and relates to the assessment approach of the assembly repeatability 
of the plasma treatment equipment which performs etching processing to a 
processed object etc, and its equipment. 
[0002] 

[Description of the Prior Art] In plasma treatment equipment, if etching, ashing, 
etc. to a processed object are processed for a long period of time, the particle by 
etching or ashing will accumulate on the internal surface of the components 
which constitute an electrode and an electrode, and a reaction chamber etc. as 
film, or the coating material with which the internal surface of an electrode or a 



reaction chamber was coated will separate, and many problems of it becoming 
impossible to perform uniform plasma treatment etc, will arise. Then, in order to 
solve many of these problems, the components which constitute washing and 
electrode, and electrode of an electrode or a reaction chamber periodically are 
exchanged, and it is coped with. 

[0003] In order to perform washing of an electrode or a reaction chamber, and 
exchange of an electrode and an electrode component part, it is necessary to 
perform decomposition and reassembling of an electrode. In that case, in 
subsequent processing, the predetermined plasma treatment engine 
performance is no longer obtained as it is in the condition that the conditions of 
an electrode etc. differ decomposition before. 

[0004] Then, in order to evaluate the plasma treatment engine performance after 
decomposition / reassembling of an electrode etc., conventionally, actual plasma 
treatment and same processing were performed to the predetermined sample, 
and it was adjusting by evaluating the condition of the sample after processing. 
[0005] 

[Problem(s) to be Solved by the Invention] However, since it is necessary to 
perform plasma treatment to the above samples, and to become indirect 



assessment that the approach of assessment estimates that the condition of a 
sample is the approach of adjusting by evaluating the condition of the sample 
after processing, and to perform actual plasma treatment and same processing 
to a sample, the processing will take long duration. When the predetermined 
plasma treatment engine performance was not especially obtained as a result of 
sample assessment after adjusting, it is necessary to evaluate the plasma 
treatment engine performance by the sample again, this will be repeated until it 
can obtain the predetermined plasma treatment engine performance, the sample 
of about [ that it takes still longer time amount ] and a large quantity was needed, 
and it was not able to be said that it was economical. 
[0006] Then, this invention is not assessment but evaluating [ of the plasma 
treatment engine performance by the sample ] the plasma treatment engine 
performance directly, and aims at offering the plasma assessment approach of 
the effective plasma treatment equipment also in cost, and its equipment also in 
time. 
[0007] 

[Means for Solving the Problem] According to claim 1, it is characterized by 
having the process which detects the electric physical quantity in the circuit for 



generating the plasma in a reaction chamber, and the assessment process 
which evaluates the generating situation of the plasma as compared with the 
detected electric physical quantity and the value set up beforehand. 
[0008] According to claim 2, the plasma assessment approach is characterized 
by performing washing of a reaction chamber, exchange of electrode 
components, etc., and performing plasma treatment equipment after ******, 
According to claim 3, electric physical quantity is characterized by being either or 
such combination of an impedance, an electrical potential difference, a current, a 
reflection coefficient, a voltage standing wave ratio, incidence power, reflective 
power, effective power, and reactive power. 

[0009] claim 4 - getting twisted - it is characterized by to provide a reaction 
chamber, the plasma generating circuit for generating the plasma in a reaction 
chamber, an electric physical-quantity measurement means measure the 
electric physical quantity in a plasma generating circuit, and a comparison / 
assessment means compare the electric physical quantity measured by this 
electric physical quantity measurement means with the value set up beforehand, 
and evaluate the generating situation of the plasma. 

[0010] According to claim 5, a physical quantity measurement judging means is 



characterized by using either or such combination of the impedance in the circuit 
for generating the plasma, an electrical potential difference, a current, a 
reflection coefficient, a voltage standing wave ratio, incidence power, reflective 
power, effective power, and reactive power. 

[001 1] It is characterized by to provide a reaction chamber, the plasma 
generating circuit for generating the plasma in a reaction chamber, a piasma 
generating circuit and the matching circuit which takes adjustment between 
reaction chambers, an electric physical-quantity measurement means measure 
the electric physical quantity in a matching circuit, and a comparison / 
assessment means compare the electric physical quantity measured by this 
electric physical-quantity measurement means with the value set up beforehand, 
and evaluate the generating situation of the plasma according to claim 6. 
[0012] According to claim 7, a matching circuit consists of either [ at least ] a 
variable capacitor or a variable coil, and electric physical quantity is 
characterized by using either or such combination of an adjustment value of a 
variable capacitor or a variable coil, 
[0013] 

[Embodiment of the Invention] Hereafter, it explains, referring to a drawing about 



the gestalt of operation of the 1st of this invention. Drawing 1 is the outline block 
diagram of the plasma assessment equipment which applied the plasma 
assessment approach of this invention. Although one in drawing is a reaction 
chamber, it is constituted so that the interior may be sealed, and not illustrated, 
the exhaust air means for exhausting the raw gas supply means for supplying 
the raw gas for performing etching etc. in a reaction chamber 1, the reactant gas 
in a reaction chamber 1, etc. is established. Moreover, the table 2 which has the 
discharge electrode 4 prepared in the condition that the semi-conductor wafer 3 
as a processed material can be laid is formed in the pars basilaris ossis 
occipitalis of a reaction chamber 1. 

[0014] RF generator 7 is connected to a discharge electrode 4 through the 
monitor 5 and matching circuit 6 which are an electric physical quantity 
measurement means to mention later, and the plasma production circuit (RF 
circuit) is constituted, ff power is supplied to a discharge electrode 4 from RF 
generator 7, discharge will be performed between a discharge electrode 4 and 
the wall of a reaction chamber 1, the raw gas currently supplied in the reaction 
chamber 1 will be activated, and Plasma Q will be generated. 
[0015] A matching circuit 6 takes adjustment between RF generator 7 and a 



reaction chamber 1, prevents the reflective power which returns from RF 
generator 7 to RF generator 7 when supplying power to a discharge electrode 4, 
stabilizes plasma discharge, and as shown in drawing 2 , it consists of variable 
capacitors calcium and Cb and variable coil L in addition, it is constituted as a 
load Z between a matching circuit 6 and wall 1a by which the reaction chamber 1 
is grounded. 

[0016] The monitor 5 as an electric physical quantity measurement means to 
measure the electric physical quantity in a RF circuit for a discharge electrode 4 
and the monitor 5 formed between RF generators 7 to generate Plasma Q in a 
reaction chamber 1 is connected. As electric physical quantity which a monitor 5 
measures, the impedance and electrical potential difference in a RF circuit, a 
current, a reflection coefficient, a voltage standing wave ratio, incidence power, 
reflective power, effective power, reactive power, etc. are mentioned. 
[0017] The computer 8 as a comparison / assessment means is connected to 
the monitor 5, change of the measured electric physical quantity, for example, an 
impedance, is changed into an electrical potential difference, and it digitizes 
further, and outputs as a measurement signal, A computer 8 incorporates the 
measurement signal of the electric physical quantity measured by the monitor 5, 



and has the function which compares whether it is within limits which the 
measurement signal set up beforehand. 

[0018] Next, based on the constituted equipment, it ** about the plasma 
assessment approach of this invention like the above. When etching, ashing, etc. 
to a processed object are processed for a long period of time, the film cannot be 
formed in the internal surface of the components which constitute an electrode 
and an electrode, and a reaction chamber etc., or an electrode and an electrode 
component part deteriorate and it becomes impossible to perform uniform 
plasma treatment. Then, a reaction chamber and an electrode are disassembled 
after predetermined period progress, membranous washing, a membranous 
component part, etc. which were formed are exchanged, and it reassembles 
again. 

[0019] After reassembling plasma equipment, while exhausting air from the 
inside of a reaction chamber 1 , reactant gas, such as an etching gas kind, is 
supplied, for example, and the inside of a reaction chamber 1 is maintained in 
the predetermined processing pressure force. After the pressure in a reaction 
chamber 1 is stabilized, the high-frequency power of 300-1 000W supplies a 
discharge electrode 4 through a matching circuit 6 from RF generator 7. Then, 



Plasma Q occurs between a discharge electrode 4 and the wall of a reaction 
chamber 1 grounded. 

[0020] A monitor 5 detects change of the electric physical quantity in the RF 
circuit produced when Plasma Q occurs, for example, the impedance of Plasma 
Q. (As electric physical quantity in a RF circuit, an electrical potential difference, 
a current, the number of reflectometers, a voltage standing wave ratio, incidence 
power, reflective power, effective power, reactive power, etc. may be detected 
other than the impedance of Plasma Q,) After a monitor 5 changes the change 
value of the impedance by generating of the plasma Q in the detected reaction 
chamber 1 into a voltage signal, it is digitized and is outputted to the computer 8 
which is comparison / assessment means as a measurement signal. As a 
measurement signal at this time, it becomes a wave signal as shown in drawing 
3 thru/or drawing 5 . Although this wave signal is the set of the point by the 
discrete value actually, the continuous curve shows it for convenience here. 
[0021] A computer 8 incorporates the measurement signal transmitted by the 
monitor 5, and change of the impedance compares whether it is within the limits 
of the upper limit and lower limit which were set up beforehand. And as a result 
of comparing the incorporated measurement signal, when it is over the upper 



limit like drawing 4 , or when less than the lower limit like drawing 5 , judgment 
that assembly is not performed to accuracy is made. 

[0022] An operator reassembles a reaction chamber 1 , an electrode, etc. again 
based on this result, and as shown in drawing 3 , he performs adjustment and 
assembly so that change of the impedance of Plasma Q may fall within a 
predetermined range. 

[0023] Although they are determined based on the situation when generating the 
optimal plasma Q, the thing to set up according to a situation, such as setting up 
based on the situation before decomposition, is possible for the upper limit and 
lower limit in comparison with the measurement signal transmitted from the 
monitor 5 to obtain the processing engine performance equivalent to the 
situation before decomposition / reassembling. 

[0024] Thus, in the gestalt of the 1st operation, since not indirect decision but the 
direct decision by the sample can be made since the plasma is generated after 
decomposition / reassembling, direct detection of the electric physical quantity 
by this plasma is carried out and the plasma after assembly is evaluated, and it 
is not necessary to perform plasma treatment to a sample further, a situation can 
be evaluated, without requiring the time amount to processing termination of a 



sample. 

[0025] Moreover, since a sample is only put to the plasma only while measuring 
the electric physical quantity by the plasma, it is effective also in cost as 
compared with the former which needs the sample of one sheet for every one 
measurement, 

[0026] Moreover, the adjustment value of the variable capacitors calcium and Cb 
in the matching circuit 6 which takes adjustment with the RF generator for 
generating a reaction chamber 1 and Plasma Q as electric physical quantity 
used as the decision criterion of assessment of the generating situation of the 
plasma, or variable coil L may be used. That is, since the matching circuit 5 
adjusted variable capacitors calcium and Cb or variable coil L and has taken 
adjustment with a high frequency circuit, detecting the adjustment value of these 
variable capacitors calcium and Cb or variable coil L, and comparing with a 
predetermined value can estimate repeatability of the plasma. 
[0027] 

[Effect of the Invention] Since it becomes possible to carry out the direct 
valuation of the situation of the plasma generated in a reaction chamber from the 
electric physical quantity from not the indirect assessment by the processing to a 



sample but a plasma generating circuit, or a matching circuit according to the 
plasma assessment approach of this invention, and its equipment as a full 
account was given above, also in time, the effective assessment approach also 
in cost can be offered. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation, 

I.This document has been translated by computer So the translation may not 
reflect the original precisely, 

2 **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 



[Field of the Invention] This invention generates the plasma in a reaction 
chamber, and relates to the assessment approach of the assembly repeatability 
of the plasma treatment equipment which performs etching processing to a 
processed object etc., and its equipment. 
[0002] 

[Description of the Prior Art] in plasma treatment equipment, if etching, ashing, 
etc. to a processed object are processed for a long period of time, the particle by 
etching or ashing will accumulate on the internal surface of the components 
which constitute an electrode and an electrode, and a reaction chamber etc. as 
film, or the coating material with which the internal surface of an electrode or a 
reaction chamber was coated will separate, and many problems of it becoming 
impossible to perform uniform plasma treatment etc. will arise, Then, in order to 
solve many of these problems, the components which constitute washing and 
electrode, and electrode of an electrode or a reaction chamber periodically are 
exchanged, and it is coped with. 

[0003] In order to perform washing of an electrode or a reaction chamber, and 
exchange of an electrode and an electrode component part, it is necessary to 
perform decomposition and reassembling of an electrode. In that case, in 



subsequent processing, the predetermined plasma treatment engine 
performance is no longer obtained as it is in the condition that the conditions of 
an electrode etc. differ decomposition before. 

[0004] Then, in order to evaluate the plasma treatment engine performance after 
decomposition / reassembling of an electrode etc., conventionally, actual plasma 
treatment and same processing were performed to the predetermined sample, 
and it was adjusting by evaluating the condition of the sample after processing. 
[0005] 

[Problem(s) to be Solved by the Invention] However, since it is necessary to 
perform plasma treatment to the above samples, and to become indirect 
assessment that the approach of assessment estimates that the condition of a 
sample is the approach of adjusting by evaluating the condition of the sample 
after processing, and to perform actual plasma treatment and same processing 
to a sample, the processing will take long duration. When the predetermined 
plasma treatment engine performance was not especially obtained as a result of 
sample assessment, after adjusting, it is necessary to evaluate the plasma 
treatment engine performance by the sample again, this will be repeated until it 
can obtain the predetermined plasma treatment engine performance, the sample 



of about [ that it takes still longer time amount ] and a large quantity was needed, 

and it was not able to be said that it was economical. 

[0006] Then, this invention is not assessment but evaluating [ of the plasma 

treatment engine performance by the sample ] the plasma treatment engine 

performance directly, and aims at offering the plasma assessment approach of 

the effective plasma treatment equipment also in cost, and its equipment also in 

time, 

[0007] 

[Means for Solving the Problem] According to claim 1, it is characterized by 
having the process which detects the electric physical quantity in the circuit for 
generating the plasma in a reaction chamber, and the assessment process 
which evaluates the generating situation of the plasma as compared with the 
detected electric physical quantity and the value set up beforehand. 
[0008] According to claim 2, the plasma assessment approach is characterized 
by performing washing of a reaction chamber, exchange of electrode 
components, etc, and performing plasma treatment equipment after ******. 
According to claim 3, electric physical quantity is characterized by being either or 
such combination of an impedance, an electrical potential difference, a current, a 



reflection coefficient, a voltage standing wave ratio, incidence power, reflective 
power, effective power, and reactive power. 

[0009] claim 4 - getting twisted - it is characterized by to provide a reaction 
chamber, the plasma generating circuit for generating the plasma in a reaction 
chamber, an electric physical-quantity measurement means measure the 
electric physical quantity in a plasma generating circuit and a comparison / 
assessment means compare the electric physical quantity measured by this 
electric physical quantity measurement means with the value set up beforehand, 
and evaluate the generating situation of the plasma, 

[0010] According to claim 5, a physical quantity measurement judging means is 
characterized by using either or such combination of the impedance in the circuit 
for generating the plasma, an electrical potential difference, a current, a 
reflection coefficient, a voltage standing wave ratio, incidence power, reflective 
power, effective power, and reactive power. 

[0011] It is characterized by to provide a reaction chamber, the plasma 
generating crrcuit for generating the plasma in a reaction chamber, a plasma 
generating circuit and the matching circuit which takes adjustment between 
reaction chambers, an electric physical-quantity measurement means measure 



the electric physical quantity in a matching circuit, and a comparison / 
assessment means compare the electric physical quantity measured by this 
electric physical-quantity measurement means with the value set up beforehand, 
and evaluate the generating situation of the plasma according to claim 6. 
[0012] According to claim 7, a matching circuit consists of either [ at least ] a 
variable capacitor or a variable coil, and electric physical quantity is 
characterized by using either or such combination of an adjustment value of a 
variable capacitor or a variable coil, 
[0013] 

[Embodiment of the Invention] Hereafter, it explains, referring to a drawing about 
the gestalt of operation of the 1st of this invention. Drawing 1 is the outline block 
diagram of the plasma assessment equipment which applied the plasma 
assessment approach of this invention. Although one in drawing is a reaction 
chamber, it is constituted so that the interior may be sealed, and not illustrated, 
the exhaust air means for exhausting the raw gas supply means for supplying 
the raw gas for performing etching etc. in a reaction chamber 1 , the reactant gas 
in a reaction chamber 1, etc. is established. Moreover, the table 2 which has the 
discharge electrode 4 prepared in the condition that the semi-conductor wafer 3 



as a processed material can be [aid is formed in the pars basilaris ossis 
occipitalis of a reaction chamber 1 . 

[0014] RF generator 7 is connected to a discharge electrode 4 through the 
monitor 5 and matching circuit 6 which are an electric physical quantity 
measurement means to mention later, and the plasma production circuit (RF 
circuit) is constituted, if power is supplied to a discharge electrode 4 from RF 
generator 7, discharge will be performed between a discharge electrode 4 and 
the wall of a reaction chamber 1, the raw gas currently supplied in the reaction 
chamber 1 will be activated, and Plasma Q will be generated. 
[0015] A matching circuit 6 takes adjustment between RF generator 7 and a 
reaction chamber 1, prevents the reflective power which returns from RF 
generator 7 to RF generator 7 when supplying power to a discharge electrode 4, 
stabilizes plasma discharge, and as shown in drawing 2 , it consists of variable 
capacitors calcium and Cb and variable coil L. In addition, it is constituted as a 
load Z between a matching circuit 6 and wall 1a by which the reaction chamber 1 
is grounded. 

[0016] The monitor 5 as an electric physical quantity measurement means to 
measure the electric physical quantity in a RF circuit for a discharge electrode 4 



and the monitor 5 formed between RF generators 7 to generate Plasma Q in a 
reaction chamber 1 is connected. As electric physical quantity which a monitor 5 
measures, the impedance and electrical potential difference in a RF circuit, a 
current, a reflection coefficient, a voltage standing wave ratio, incidence power, 
reflective power, effective power, reactive power, etc. are mentioned, 
[0017] The computer 8 as a comparison / assessment means is connected to 
the monitor 5, change of the measured electric physical quantity, for example, an 
impedance, is changed into an electrical potential difference, and it digitizes 
further, and outputs as a measurement signal A computer 8 incorporates the 
measurement signal of the electric physical quantity measured by the monitor 5, 
and has the function which compares whether it is within limits which the 
measurement signal set up beforehand. 

[0018] Next, based on the constituted equipment, it ** about the plasma 
assessment approach of this invention like the above. When etching, ashing, etc. 
to a processed object are processed for a long period of time, the film cannot be 
formed in the internal surface of the components which constitute an electrode 
and an electrode, and a reaction chamber etc., or an electrode and an electrode 
component part deteriorate and it becomes impossible to perform uniform 



plasma treatment. Then, a reaction chamber and an electrode are disassembled 
after predetermined period progress, membranous washing, a membranous 
component part, etc. which were formed are exchanged, and it reassembles 
again. 

[0019] After reassembling plasma equipment, while exhausting air from the 
inside of a reaction chamber 1, reactant gas, such as an etching gas kind, is 
supplied, for example, and the inside of a reaction chamber 1 is maintained in 
the predetermined processing pressure force. After the pressure in a reaction 
chamber 1 is stabilized, the high-frequency power of 300-1 000W supplies a 
discharge electrode 4 through a matching circuit 6 from RF generator 7. Then, 
Plasma Q occurs between a discharge electrode 4 and the wall of a reaction 
chamber 1 grounded. 

[0020] A monitor 5 detects change of the electric physical quantity in the RF 
circuit produced when Plasma Q occurs, for example, the impedance of Plasma 
Q. (As electric physical quantity in a RF circuit, an electrical potential difference, 
a current, the number of reflectometers, a voltage standing wave ratio, incidence 
power, reflective power, effective power, reactive power, etc. may be detected 
other than the impedance of Plasma Q.) After a monitor 5 changes the change 



value of the impedance by generating of the plasma Q in the detected reaction 
chamber 1 into a voltage signal, it is digitized and is outputted to the computer 8 
which is comparison / assessment means as a measurement signal. As a 
measurement signal at this time, it becomes a wave signal as shown in drawing 
3 thru/or drawing 5 . Although this wave signal is the set of the point by the 
discrete value actually, the continuous curve shows it for convenience here. 
[0021] A computer 8 incorporates the measurement signal transmitted by the 
monitor 5, and change of the impedance compares whether it is within the limits 
of the upper limit and lower limit which were set up beforehand. And as a result 
of comparing the incorporated measurement signal, when it is over the upper 
limit like drawing 4 , or when less than the lower limit like drawing 5 , judgment 
that assembly is not performed to accuracy is made. 

[0022] An operator reassembles a reaction chamber 1, an electrode, etc. again 
based on this result, and as shown in drawing 3 , he performs adjustment and 
assembly so that change of the impedance of Plasma Q may fall within a 
predetermined range. 

[0023] Although they are determined based on the situation when generating the 
optimal plasma Q, the thing to set up according to a situation, such as setting up 



based on the situation before decomposition, is possible for the upper limit and 
lower limit in comparison with the measurement signal transmitted from the 
monitor 5 to obtain the processing engine performance equivalent to the 
situation before decomposition / reassembling. 

[0024] Thus, in the gestalt of the 1st operation, since not indirect decision but the 
direct decision by the sample can be made since the plasma is generated after 
decomposition / reassembling, direct detection of the electric physical quantity 
by this plasma is carried out and the plasma after assembly is evaluated, and it 
is not necessary to perform plasma treatment to a sample further, a situation can 
be evaluated, without requiring the time amount to processing termination of a 
sample. 

[0025] Moreover, since a sample is only put to the plasma only while measuring 
the electric physical quantity by the plasma, it is effective also in cost as 
compared with the former which needs the sample of one sheet for every one 
measurement. 

[0026] Moreover, the adjustment value of the variable capacitors calcium and Cb 
in the matching circuit 6 which takes adjustment with the RF generator for 
generating a reaction chamber 1 and Plasma Q as electric physical quantity 



used as the decision criterion of assessment of the generating situation of the 
plasma, or variable coil L may be used. That is, since the matching circuit 5 
adjusted variable capacitors calcium and Cb or variable coil L and has taken 
adjustment with a high frequency circuit, detecting the adjustment value of these 
variable capacitors calcium and Cb or variable coil L, and comparing with a 
predetermined value can estimate repeatability of the plasma. 
[0027] 

[Effect of the Invention] Since it becomes possible to carry out the direct 
valuation of the situation of the plasma generated in a reaction chamber from the 
electric physical quantity from not the indirect assessment by the processing to a 
sample but a plasma generating circuit, or a matching circuit according to the 
plasma assessment approach of this invention, and its equipment as a full 
account was given above, also in time, the effective assessment approach also 
in cost can be offered. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention generates the plasma in a reaction 
chamber, and relates to the assessment approach of the assembly repeatability 
of the plasma treatment equipment which performs etching processing to a 
processed object etc., and its equipment. 
[0002] 

[Description of the Prior Art] In plasma treatment equipment, if etching, ashing, 
etc. to a processed object are processed for a long period of time, the particle by 
etching or ashing will accumulate on the internal surface of the components 



which constitute an electrode and an electrode, and a reaction chamber etc. as 
film, or the coating material with which the internal surface of an electrode or a 
reaction chamber was coated will separate, and many problems of it becoming 
impossible to perform uniform plasma treatment etc, will arise. Then, in order to 
solve many of these problems, the components which constitute washing and 
electrode, and electrode of an electrode or a reaction chamber periodically are 
exchanged, and it is coped with, 

[0003] In order to perform washing of an electrode or a reaction chamber, and 
exchange of an electrode and an electrode component part, it is necessary to 
perform decomposition and reassembling of an electrode. In that case, in 
subsequent processing, the predetermined plasma treatment engine 
performance is no longer obtained as it is in the condition that the conditions of 
an electrode etc. differ decomposition before. 

[0004] Then, in order to evaluate the plasma treatment engine performance after 
decomposition / reassembling of an electrode etc., conventionally, actual plasma 
treatment and same processing were performed to the predetermined sample, 
and it was adjusting by evaluating the condition of the sample after processing. 
[0005] 



[Problem(s) to be Solved by the Invention] However, since it is necessary to 
perform plasma treatment to the above samples, and to become indirect 
assessment that the approach of assessment estimates that the condition of a 
sample is the approach of adjusting by evaluating the condition of the sample 
after processing, and to perform actual plasma treatment and same processing 
to a sample, the processing will take long duration, When the predetermined 
plasma treatment engine performance was not especially obtained as a result of 
sample assessment, after adjusting, it is necessary to evaluate the plasma 
treatment engine performance by the sample again, this will be repeated until it 
can obtain the predetermined plasma treatment engine performance, the sample 
of about [ that it takes still longer time amount ] and a large quantity was needed, 
and it was not able to be said that it was economical. 

[0006] Then, this invention is not assessment but evaluating [ of the plasma 
treatment engine performance by the sample ] the plasma treatment engine 
performance directly, and aims at offering the plasma assessment approach of 
the effective plasma treatment equipment also in cost, and its equipment also in 
time. 
[0007] 



[Means for Solving the Problem] According to claim 1, it is characterized by 
having the process which detects the electric physical quantity in the circuit for 
generating the plasma in a reaction chamber, and the assessment process 
which evaluates the generating situation of the plasma as compared with the 
detected electric physical quantity and the value set up beforehand. 
[0008] According to claim 2, the plasma assessment approach is characterized 
by performing washing of a reaction chamber, exchange of electrode 
components, etc., and performing plasma treatment equipment after ******. 
According to claim 3, electric physical quantity is characterized by being either or 
such combination of an impedance, an electrical potential difference, a current, a 
reflection coefficient, a voltage standing wave ratio, incidence power, reflective 
power, effective power, and reactive power. 

[0009] claim 4 - getting twisted -- it is characterized by to provide a reaction 
chamber, the plasma generating circuit for generating the plasma in a reaction 
chamber, an electric physical-quantity measurement means measure the 
electric physical quantity in a plasma generating circuit, and a comparison / 
assessment means compare the electric physical quantity measured by this 
electric physical quantity measurement means with the value set up beforehand, 



and evaluate the generating situation of the plasma. 

[0010] According to claim 5, a physical quantity measurement judging means is 
characterized by using either or such combination of the impedance in the circuit 
for generating the plasma, an electrical potential difference, a current, a 
reflection coefficient, a voltage standing wave ratio, incidence power, reflective 
power, effective power, and reactive power. 

[0011] It is characterized by to provide a reaction chamber, the plasma 
generating circuit for generating the plasma in a reaction chamber, a plasma 
generating circuit and the matching circuit which takes adjustment between 
reaction chambers, an electric physical-quantity measurement means measure 
the electric physical quantity in a matching circuit, and a comparison / 
assessment means compare the electric physical quantity measured by this 
electric physical-quantity measurement means with the value set up beforehand, 
and evaluate the generating situation of the plasma according to claim 6. 
[0012] According to claim 7, a matching circuit consists of either [ at least ] a 
variable capacitor or a variable coil, and electric physical quantity is 
characterized by using either or such combination of an adjustment value of a 
variable capacitor or a variable coil. 



[0013] 

[Embodiment of the Invention] Hereafter, it explains, referring to a drawing about 
the gestalt of operation of the 1st of this invention. Drawing 1 is the outline block 
diagram of the plasma assessment equipment which applied the plasma 
assessment approach of this invention. Although one in drawing is a reaction 
chamber, it is constituted so that the interior may be sealed, and not illustrated, 
the exhaust air means for exhausting the raw gas supply means for supplying 
the raw gas for performing etching etc, in a reaction chamber 1 , the reactant gas 
in a reaction chamber 1, etc. is established. Moreover, the table 2 which has the 
discharge electrode 4 prepared in the condition that the semi-conductor wafer 3 
as a processed material can be laid is formed in the pars basilaris ossis 
occipitalis of a reaction chamber 1, 

[0014] RF generator 7 is connected to a discharge electrode 4 through the 
monitor 5 and matching circuit 6 which are an electric physical quantity 
measurement means to mention later, and the plasma production circuit (RF 
circuit) is constituted. If power is supplied to a discharge electrode 4 from RF 
generator 7, discharge will be performed between a discharge electrode 4 and 
the wall of a reaction chamber 1, the raw gas currently supplied in the reaction 



chamber 1 will be activated, and Plasma Q will be generated. 
[0015] A matching circuit 6 takes adjustment between RF generator 7 and a 
reaction chamber 1, prevents the reflective power which returns from RF 
generator 7 to RF generator 7 when supplying power to a discharge electrode 4, 
stabilizes plasma discharge, and as shown in drawing 2 , it consists of variable 
capacitors calcium and Cb and variable coil L In addition, it is constituted as a 
load Z between a matching circuit 6 and wall 1a by which the reaction chamber 1 
is grounded. 

[0016] The monitor 5 as an electric physical quantity measurement means to 
measure the electric physical quantity in a RF circuit for a discharge electrode 4 
and the monitor 5 formed between RF generators 7 to generate Plasma Q in a 
reaction chamber 1 is connected. As electric physical quantity which a monitors 
measures, the impedance and electrical potential difference in a RF circuit, a 
current, a reflection coefficient a voltage standing wave ratio, incidence power, 
reflective power, effective power, reactive power, etc. are mentioned. 
[0017] The computer 8 as a comparison / assessment means is connected to 
the monitor 5 7 change of the measured electric physical quantity, for example, an 
impedance, is changed into an electrical potential difference, and it digitizes 



further, and outputs as a measurement signal. A computer 8 incorporates the 
measurement signal of the electric physical quantity measured by the monitor 5, 
and has the function which compares whether it is within limits which the 
measurement signal set up beforehand. 

[0018] Next, based on the constituted equipment, it ** about the plasma 
assessment approach of this invention like the above. When etching, ashing, etc. 
to a processed object are processed for a long period of time, the film cannot be 
formed in the internal surface of the components which constitute an electrode 
and an electrode, and a reaction chamber etc. r or an electrode and an electrode 
component part deteriorate and it becomes impossible to perform uniform 
plasma treatment Then, a reaction chamber and an electrode are disassembled 
after predetermined period progress, membranous washing, a membranous 
component part, etc. which were formed are exchanged, and it reassembles 
again. 

[0019] After reassembling plasma equipment, while exhausting air from the 
inside of a reaction chamber 1, reactant gas, such as an etching gas kind, is 
supplied, for example, and the inside of a reaction chamber 1 is maintained in 
the predetermined processing pressure force. After the pressure in a reaction 



chamber 1 is stabilized, the high-frequency power of 300-1 000W supplies a 
discharge electrode 4 through a matching circuit 6 from RF generator 7, Then, 
Plasma Q occurs between a discharge electrode 4 and the wall of a reaction 
. chamber 1 grounded. 
[0020] A monitor 5 detects change of the electric physical quantity in the RF 
circuit produced when Plasma Q occurs, for example, the impedance of Plasma 
Q. (As electric physical quantity in a RF circuit, an electrical potential difference, 
a current, the number of reflectometers, a voltage standing wave ratio, incidence 
power, reflective power, effective power, reactive power, etc. may be detected 
other than the impedance of Plasma Q.) After a monitor 5 changes the change 
value of the impedance by generating of the plasma Q in the detected reaction 
chamber 1 into a voltage signal, it is digitized and is outputted to the computer 8 
which is comparison / assessment means as a measurement signal. As a 
measurement signal at this time, it becomes a wave signal as shown in drawing 
3 thru/or drawing 5 . Although this wave signal is the set of the point by the 
discrete value actually, the continuous curve shows it for convenience here. 
[0021] A computer 8 incorporates the measurement signal transmitted by the 
monitor 5, and change of the impedance compares whether it is within the limits 



of the upper limit and lower limit which were set up beforehand. And as a result 
of comparing the incorporated measurement signal, when it is over the upper 
limit like drawing 4 „ or when (ess than the lower limit like drawing 5 , judgment 
that assembly is not performed to accuracy is made. 

[0022] An operator reassembles a reaction chamber 1, an electrode, etc. again 
based on this result, and as shown in drawing 3 , he performs adjustment and 
assembly so that change of the impedance of Plasma Q may fall within a 
predetermined range. 

[0023] Although they are determined based on the situation when generating the 
optimal plasma Q, the thing to set up according to a situation, such as setting up 
based on the situation before decomposition, is possible for the upper limit and 
lower limit in comparison with the measurement signal transmitted from the 
monitor 5 to obtain the processing engine performance equivalent to the 
situation before decomposition / reassembling. 

[0024] Thus, in the gestalt of the 1st operation, since not indirect decision but the 
direct decision by the sample can be made since the plasma is generated after 
decomposition / reassembling, direct detection of the electric physical quantity 
by this plasma is carried out and the plasma after assembly is evaluated, and it 



is not necessary to perform plasma treatment to a sample further, a situation can 
be evaluated, without requiring the time amount to processing termination of a 
sample. 

[0025] Moreover, since a sample is only put to the plasma only while measuring 
the electric physical quantity by the plasma, it is effective also in cost as 
compared with the former which needs the sample of one sheet for every one 
measurement. 

[0026] Moreover, the adjustment value of the variable capacitors calcium and Cb 
in the matching circuit 6 which takes adjustment with the RF generator for 
generating a reaction chamber 1 and Plasma Q as electric physical quantity 
used as the decision criterion of assessment of the generating situation of the 
plasma, or variable coil L may be used. That is, since the matching circuit 5 
adjusted variable capacitors calcium and Cb or variable coil L and has taken 
adjustment with a high frequency circuit, detecting the adjustment value of these 
variable capacitors calcium and Cb or variable coil L, and comparing with a 
predetermined value can estimate repeatability of the plasma. 
[0027] 

[Effect of the Invention] Since it becomes possible to carry out the direct 



valuation of the situation of the plasma generated in a reaction chamber from the 
electric physical quantity from not the indirect assessment by the processing to a 
sample but a piasma generating circuit, or a matching circuit according to the 
plasma assessment approach of this invention, and its equipment as a full 
account was given above, also in time, the effective assessment approach also 
in cost can be offered. 
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